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'LIIHUHQW FRQWURO DOJRULWKPV KDYH EHHQ SURSRVHG IRU VZLQJXS FRQWURO DQG VWDELOL]DWLRQ V\VWHP 6RPH RI WKH
VFLHQWLILFZRUNVWUHDWVVHSDUDWHO\WKHVHWZRVXESUREOHPVXVLQJFRQYHQWLRQDO3,'FRQWUROOHUVVOLGLQJPRGHFRQWURO
RSWLPDO UREXVW DQG DGDSWLYH VWUDWHJLHV RU LQWHOOLJHQW V\VWHPV 2WKHU DXWKRUV FRPELQH WKHVH FRPSOHWHO\ GLIIHUHQW
PHWKRGV LQ D K\EULG FRQWURO 2Q WKH RWKHU KDQG WKH XVH RI GLJLWDO FRPSXWHUV WR FRPPDQG UHDO SURFHVVHV KDV







RQ WKH1 QRUP RI WKH VWDWH YHFWRU DQG WKH FRQWUROOHU EHKDYHV DV D JDLQ VFKHGXOLQJ FRQWUROOHU DQG WKHUHIRUH WKH
FRQYHUJHQFH RI WKH SURSRVHG DGDSWLYH FRQWUROOHU LV JXDUDQWHHG 7KH FRQWURO DOJRULWKP DQG GDWD DFTXLVLWLRQ DQG
YLVXDOL]DWLRQZHUHUHDOL]HGZLWK0DWODE6LPXOLQNDQG5HDO7LPH[3&WDUJHWSURGXFWVRQDSHUVRQDOFRPSXWHUZLWK
ELW $''$ FRQYHUWHU ERDUG ,Q >@ D VOLGLQJ PRGH FRQWURO 60& PHWKRG EDVHG RQ $FNHUPDQQ¶V IRUPXOD LV
GHYHORSHGRQDKDUGZDUHSODWIRUPZLWKPLFURFRQWUROOHUV
'XHWRWKHQDWXUHRIWKHSODQWWKHSUHVHQFHRIXQFHUWDLQWLHVDQGQRQOLQHDULWLHVDEHWWHURSWLRQPD\EHFRQVLGHUHG
WKHXVHRIPRGHUQV\VWHPV6XFKH[DPSOH LV WKH IX]]\FRQWUROOHUZKLFKZDV MXVW VLPXODWHG LQ >@ ,Q>@DQHZ
YHUVLRQRIIX]]\FRQWUROOHULVSURSRVHGVLPSOHVWUXFWXUHG)/&ZLWKWKHVNHZV\PPHWULFSURSHUW\LQWKHFRQWUROUXOH
WDEOH E\ NHHSLQJ WKH VDPH SHUIRUPDQFHV ,Q >@ HYROXWLRQDU\ DSSURDFKHV IRU GHVLJQLQJ URWDWLRQDO LQYHUWHG




7KH REMHFWLYHV IRU WKH SUHVHQW SDSHU DUH WR LGHQWLI\ WKH SK\VLFDO SDUDPHWHUV RI WKH UHDO 5,3 WR GHVLJQ DQG WR
LPSOHPHQW D IX]]\ FRQWURO IRU WKH EDODQFHVWDELOL]LQJ SUREOHP 7KH VZLQJXS FRQWURO SUREOHP RI WKH LQYHUWHG
SHQGXOXPZKLFKKDVWKHJRDORIEULQJLQJWKHSHQGXOXPIURPWKHGRZQZDUGSRVLWLRQWR WKHXSULJKWSRVLWLRQLVQRW
FRQVLGHUHGLQWKHSDSHUDQGWKHFRQWUROVWUDWHJ\LQFOXGHVRQO\LWVVWDELOL]DWLRQDWWKHXSULJKWSRVLWLRQ7KLVLVGRQHE\









7KH URWDWLRQDO LQYHUWHG SHQGXOXP DOVR NQRZQ DV WKH )XUXWD SHQGXOXP FRQVLVWV RI D URWDWLRQDO VHUYR PRWRU
V\VWHPZKLFKGULYHVDQLQGHSHQGHQWRXWSXWJHDU$URWDWLRQDOSHQGXOXPDUPVHH)LJDRIUDGLXVUDQGPDVVPU
LVPRXQWHGWRWKHRXWSXWJHDUDQGDSHQGXOXPRIOHQJWKODQGPDVVPLVDWWDFKHGWRWKHKLQJHSRLQW37KHSLYRW
DUP URWDWHV LQ D KRUL]RQWDO SODQH ;< E\ PHDQV RI D VHUYR PRWRU DQG PXVW EH PRYHG LQ VXFK D ZD\ WKDW WKH
SHQGXOXPZKLFKURWDWHVLQDSODQH;=WKDWLVDOZD\VSHUSHQGLFXODUWRWKHURWDWLQJDUPLVLQWKHXSULJKWSRVLWLRQ
,QWKHVLPSOLILHGVFKHPDWLFSLFWXUHIURP)LJDWKHLQYHUWHGSHQGXOXPLVGLVSODFHGIURPWKHXSULJKWSRVLWLRQ
ZLWK D JLYHQĮș GHQRWHV WKH DQJOH RI WKH SLYRW DUPĮ GRW DQGș GRW DUH WKH DQJXODU YHORFLWLHV RI WKH LQYHUWHG
SHQGXOXP DQG SLYRW DUP 7KH SDUDPHWHUV Į DQG ș DUH WKH JHQHUDOL]HG FRRUGLQDWHV WKDW GHVFULEH WKH LQYHUWHG
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SHQGXOXPV\VWHP7KH)LJESUHVHQWVWKHSK\VLFDOURWDWLRQDOLQYHUWHGSHQGXOXPV\VWHPUHDOL]HGIURPDOXPLQXP












































QHJOLJLEOH .W .P PRWRU WRUTXH DQG HOHFWURPRWLYH FRQVWDQWV 1P$PS 9UDGVHF -PPRPHQW RI
LQHUWLD RI WKHPRWRU HNJP XPYROWDJH DSSOLHG WR WKH GFPRWRU -HT DQG%HT DUH WKH HTXLYDOHQW LQHUWLD DQG
YLVFRXVIULFWLRQRIWKHDUPDQGSHQGXOXPNJPJLVWKHJUDYLWDWLRQDODFFHOHUDWLRQ
%DODQFHFRQWURORIWKHURWDWLRQDOLQYHUWHGSHQGXOXP
$V VWDWHG LQ WKH LQWURGXFWLRQ RI WKH SDSHU WKH REMHFWLYH LV WR PDLQWDLQ WKH SHQGXOXP LQ WKH XQVWDEOH XSULJKW
SRVLWLRQDQGEDODQFHLWZKHQLWLVDOPRVWWKHUHHYHQLQSUHVHQFHRIVPDOOSHUWXUEDWLRQVLQDUDQJHRIIRUWKH
SHQGXOXP DQJOH GLVSODFHPHQWĮ:KHQ WKH 5,3 V\VWHP LV GLVWXUEHG IURP WKH EDODQFH VWDWH DQG WKH SHQGXOXP LV
GHYLDWHGIURPWKHXSULJKWSRVLWLRQWRFHUWDLQGHJUHHVODUJHUWKDQWKHWKUHVKROGYDOXHDFHUWDLQFULWHULRQVKRXOGVZLWFK




OLQHDUL]HG SODQW PRGHO SROH SODFHPHQW DQG DGDSWLYH VWUDWHJLHV 'XH WKH QDWXUH RI WKH 5,3 ZKLFK LQFOXGHV WKH
XQVWDEOHXSULJKWSRVLWLRQQRQOLQHDULWLHVDQGPRGHOLQJXQFHUWDLQWLHVDIX]]\3'FRQWUROOHUZDVFKRVHQ





7KH LQSXWV WR WKH IX]]\ V\VWHP DUH DQJOH HUURU H LI WKH UHIHUHQFH LV WKH XSULJKW SRVLWLRQ WKHQ WKH DQJOH HUURU
EHFRPHV WKHGLVSODFHPHQW IURP WKHXSULJKWSRVLWLRQ DQG WKHFKDQJH LQDQJOHHUURUF7KHRXWSXW IURP WKH IX]]\
V\VWHPLVWKHFRPPDQGYROWDJHX7KHXQLYHUVHRIGLVFRXUVHRIWKHYDULDEOHVZDVQRUPDOL]HGWRFRYHUDUDQJHRI>
 @ DQG VFDOLQJ JDLQV JH JF JX ZHUH XVHG WR QRUPDOL]H 7R VLPSOLI\ WKH LPSOHPHQWDWLRQ RI WKH FRQWUROOHU D
VWDQGDUGFKRLFHIRUWKHPHPEHUVKLSIXQFWLRQVZDVXVHGZLWKILYHPHPEHUVKLSIXQFWLRQVIRUWKHWKUHHIX]]\YDULDEOHV
PHDQLQJ UXOHVLQWKHUXOHEDVHDQGV\PPHWULFRYHUODSSLQJWULDQJXODUVKDSHGPHPEHUVKLSIXQFWLRQV
















KDUGZDUH SODWIRUPZKLFK FRQWDLQV D QHWZRUNZLWK WKUHHPDMRU FRPSRQHQWV WKHPHDVXUHPHQW LQWHUIDFH WKHPDLQ
 HN7FN7 1% 16 = 36 3%
 1% 3% 3% 3% 36 =
 16 3% 3% 36 = 16
 = 3% 36 = 16 1%
 36 36 = 16 1% 1%











































































































$QDO\]LQJ WKH IXQFWLRQDO UHTXLUHPHQWVRI WKH LQWHUIDFHVZH FKRVH WRXVH IRU HDFK FRPSRQHQWRI WKHKDUGZDUH
SODWIRUP WKH$WPHO $70(*$PLFURFRQWUROOHU DPDVWHUVODYH FRPPXQLFDWLRQ RQ ,& VHULDO EXV IRU WKH 5,3
























E\WH)RUD]HURE\WH WKHQZHKDYHDGDWDUHTXHVWPHVVDJH DQG WKH3&DSSOLFDWLRQ UHTXLUHV WKHSURFHVVYDULDEOHV
IURP WKH FRQWURO LQWHUIDFH )RU RWKHU GHFLPDO YDOXHZH KDYH DGDWDZULWLQJPHVVDJH DQG XVLQJ WKLV E\WH WKH 3&
DSSOLFDWLRQ VSHFLILHV WKH SDUDPHWHU VFDOLQJ JDLQ RI WKH IX]]\ FRQWUROOHU ZKLFK ZLOO EH XSGDWHG LQ WKH FRQWURO
LQWHUIDFH7KHWKLUGE\WHRIWKHVHULDOPHVVDJHLVWKHXSGDWHGYDOXHRIWKHSDUDPHWHU,IWKHVHFRQGE\WHLV]HURWKHQ
DOVRWKHWKLUGE\WHLV]HURDQGWKH3&ZDLWVWKHQH[WVDPSOHVRIWKHSURFHVVYDULDEOHV
7KH FRQWURO LQWHUIDFHPXVW GHFRGH WKH3&PHVVDJH UHFHLYHGRQ WKH56 VHULDO EXV )RU D ]HUR YDOXH LQ WKH
FRQILJXUDWLRQE\WHRIWKHUHFHLYHGPHVVDJHWKHUHFHLYHGPHVVDJHLVWKHGDWDUHTXHVWPHVVDJHWKHFRQWUROLQWHUIDFH
UHVSRQGVZLWKDPHVVDJHFRQWDLQLQJSURFHVVYDULDEOHV7KHLQWHJHUYDULDEOHVDQJXODUSRVLWLRQDQGWKHYHORFLW\RIWKH
LQYHUWHGSHQGXOXP DQJXODUSRVLWLRQ DQGYHORFLW\ RI WKH SLYRW DUP DQJOH HUURU DQG FRPPDQGRI WKH SURFHVV DUH
GLIIHUHQWLDWHG E\ VHSDUDWRUV DQG WKHPHVVDJH LV WHUPLQDWHGZLWK D QXOO FKDUDFWHU ,I WKH FRQILJXUDWLRQ E\WH RI WKH
UHFHLYHGPHVVDJHLVDQRQ]HURYDOXHWKHQWKHFRQWUROLQWHUIDFHPXVWXSGDWHWKHFRUUHVSRQGLQJSDUDPHWHU
7KHPDLQFRQWUROLQWHUIDFH












,QFOXGLQJ WKHVH IHDWXUHVPLFURFRQWUROOHU WDNHV DSSUR[LPDWHO\ PV WR H[HFXWH WKHPDLQ ORRS RI WKH SURJUDP
6HULDO SDFNDJH UHFHLYHG IURP WKH PHDVXUHPHQW LQWHUIDFH YLD ,& EXV FRQWDLQV IRXU YDULDEOHV LQWHJHU GDWD W\SH
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7KHILUVWRSWLFDOHQFRGHU LVDWWDFKHG WR WKHGFPRWRUDQGSURYLGHV LQIRUPDWLRQDERXW WKHSLYRWDUPDQJOH7KLV
SLYRWDUPHQFRGHUJHQHUDWHVSXOVHVURWDWLRQVRHDFKSXOVHFRUUHVSRQGVWR7KHHQFRGHUKDVDQLQWHJUDWHG
VLJQDO ILOWHU FLUFXLW DQG D FRQGLWLRQLQJ FLUFXLW %HFDXVH WKH XSULJKW SRVLWLRQ RI WKH SHQGXOXP LV XQVWDEOH WKH
PHDVXUHPHQWRIWKHDQJXODUGLVSODFHPHQWPXVWEHPRUHDFFXUDWHWRDYRLGDQ\GHYLDWLRQ)RUWKLVUHDVRQZHDWWDFKHG
WRWKHLQYHUWHGSHQGXOXPDQHQFRGHUZLWKSXOVHVURWDWLRQZKLFKSURYLGHVDPHDVXUHPHQWDFFXUDF\RI
7KH VHFRQG HQFRGHU DOVR FRQWDLQV LQWHUQDOO\ WKH ILOWHU FLUFXLW DQG WKH FRQGLWLRQLQJ FLUFXLW.QRZLQJ WKHZRUNLQJ
VSHHGRIWKHHQFRGHUVZHFDQREWDLQDN+]PD[LPXPIUHTXHQF\RIWKHSXOVHV
7KH DQJXODU SRVLWLRQV RI WKH SHQGXOXP DQG SLYRW DUP DUH GHWHUPLQHG E\ FRXQWLQJ WKH SXOVHV LQ DQ LQWHUUXSW
URXWLQHJHQHUDWHGE\WKHHQFRGHUVLJQDODQGWKHDQJXODUYHORFLWLHVDUHFRPSXWHGXVLQJWKHSXOVHFRXQWLQJPHWKRG
7KHUHFDQEHPXOWLSOHZD\VWRGHWHUPLQHWKHDQJXODUYHORFLW\DQGDFFHOHUDWLRQIRUDTXDGUDWXUHHQFRGHU:HFKRVH






XVLQJ WKHDPSOLILHU FLUFXLW DQG WKHGFPRWRU7RJHW WKHVH UHTXLUHPHQWVZHKDYH LPSOHPHQWHGDQDSSOLFDWLRQ WKDW
SHUIRUPVLQLWLDOL]DWLRQRIWKH,&PRGXOHRXWSXWSRUWVDQGWLPHUIRUWKH3:0VLJQDOUHDGLQJGDWDIURPWKH,&EXV
LIDUHDYDLODEOHGHFRGLQJGDWDPHVVDJHUHFHLYHGIURPWKHFRQWUROLQWHUIDFHLQRUGHUWRREWDLQWKHGLUHFWLRQDQGWKH
GXW\ F\FOH RI WKH 3:0 VLJQDO IRUPDWLRQ RI WKH RXWSXW VLJQDOV IRU GLUHFWLRQ DQG 3:0 FRPPDQG VHQW WR WKH
DPSOLILHUFLUFXLW
$PSOLILHU FLUFXLW LV FRPSRVHG RI WKH+EULGJH GULYHUZKLFK DOORZV FKDQJLQJ WKH GLUHFWLRQ RI URWDWLRQ DQG WKH
VSHHGRIWKHGFPRWRUE\JLYLQJDYROWDJHRIDSSURSULDWHPDJQLWXGH7KHSRZHUVXSSO\RIWKHPRWRUDQGLWVVSHHG
GHSHQGV RQ WKH GXW\ F\FOH RI WKH 3:0 VLJQDO 7KH 3:0 VLJQDO KDV D N+]IUHTXHQF\ JHQHUDWHG E\ WKH
PLFURFRQWUROOHU WLPHU$OVR VRPH KLJK VSHHG RSWRFRXSOHUVZHUH LQWHJUDWHG EHIRUH+EULGJH GULYHU WR SURWHFW WKH
PLFURFRQWUROOHU
([SHULPHQWDOUHVXOWV




HTXLYDOHQW WR VXEURXWLQHV WHVWHG FRQVLVWLQJ RI WHQV RU HYHQ KXQGUHGV RI LQVWUXFWLRQV LQ D XVXDO SURJUDPPLQJ
ODQJXDJH
7KH3&FRPPXQLFDWHVZLWKWKHFRQWUROLQWHUIDFHYLDELGLUHFWLRQDO56VHULDOEXVXVLQJWKHSURWRFROGHVFULEHG
LQ WKH SUHYLRXV VHFWLRQ $V WKH VSHHG RI FRPPXQLFDWLRQ EHWZHHQ WKH FRPSXWHU DQG WKH PLFURFRQWUROOHU LV QRW
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HYROXWLRQV RI WKH VDPH IXQFWLRQDO VLJQDOV IURP)LJ  EKLJKOLJKW WKDW WKH EDODQFH FRQWUROOHU LV JRRG HQRXJK WR
PDLQWDLQWKHSHQGXOXPLQWKHXSULJKWSRVLWLRQDQGNHHSLWWKHUHVWDEO\HYHQLQSUHVHQFHRIGLVWXUEDQFH
&RQFOXVLRQV





OLQHDULWLHVPRGHOLQJXQFHUWDLQWLHV DQG LQVWDELOLW\ DPRGHUQ IX]]\3' FRQWURO V\VWHPZDVGHVLJQHGZKLFKKDV DV
LQSXWVWKHSHQGXOXPDQJOHHUURUDQGFKDQJHLQWKHDQJOHHUURU
7KHLPSOHPHQWDWLRQRIWKH5,3EDODQFHFRQWUROSUREOHPPXVWPHHWVRPHVHYHUDOWDVNVDQGIRUWKLVZHSURSRVHGD
ORZ FRVW VROXWLRQ EDVHG RQ D KDUGZDUH SODWIRUPZLWK WKUHHPLFURFRQWUROOHUV 7KH GLVWULEXWLRQ RI WKH WDVNV WR WKH
PLFURFRQWUROOHUV DQGXVLQJ WKH ,& VHULDO IRU GDWD FRPPXQLFDWLRQ LQFUHDVH WKH FRPSXWLQJ VSHHG7KHPRQLWRULQJ
SURFHVVLVPDGHXVLQJD/DEYLHZDSSOLFDWLRQZKLFKUHFHLYHVWKHUHFRUGHGGDWDYLD56VHULDOEXV$OWKRXJKWKH
VHULDOFRPPXQLFDWLRQZLWKWKHFRPSXWHU LVVORZHUWKDQWKHPDVWHUVODYHFRPPXQLFDWLRQEHWZHHQWKHLQWHUIDFHVRI
WKHSODWIRUPLWGRHVQRWLQWHUYHQHLQWKHFRQWUROSURFHVVDQGWKH3&LVXVHGIRUPRQLWRULQJSXUSRVHVRQO\(YROXWLRQ
RISURFHVVVLJQDOVUHYHDOVWKDWWKHDLPRIWKLVZRUNZDVDFFRPSOLVKHG
5HIHUHQFHV
>@ 2UWHJD56SRQJ0:*RPH](VWHUQ)%ODQNHQVWHLQ*6WDELOL]DWLRQRIDFODVVRIXQGHUDFWXDWHGPHFKDQLFDOV\VWHPVYLDLQWHUFRQQHFWLRQ
DQGGDPSLQJDVVLJQPHQW,(((7UDQVDFWLRQVRQ$XWRPDWLF&RQWURO
>@ 6SRQJ0:%ORFN'-7KH3HQGXERWDPHFKDWURQLFV\VWHPIRUFRQWUROUHVHDUFKDQGHGXFDWLRQ3URFHHGLQJVRIWKHWK,(((&RQIHUHQFH
RQ'HFLVLRQDQG&RQWURO1HZ2UOHDQV/$S
>@ 0HL++H=6WXG\RQVWDELOLW\FRQWUROIRUVLQJOHOLQNURWDU\LQYHUWHGSHQGXOXP,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLF$XWRPDWLRQDQG
&RQWURO(QJLQHHULQJ0$&(:XKDQS
>@ *UDVVHU)'¶$UULJR$&RORPEL65XIHU$&-2(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